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I Hear You Energy Challenge

Boost City Energy Efficiency and Human Well-being
with loT, Data Science, and Public Participation




Problems

Thailand imports 12% of energy generation annually

Thailand Electricity cost around 760,000 Million Baht per year
In 2562, Thailand imported energy for 1,053,000 Million Baht
- Natural Gas 263,069 BBL/Day (Crude Oil Equivalent)

- Crude oil 891,759 BBL/Day (Crude Oil Equivalent)

- Coal 301,677 BBL/Day (Crude Qil Equivalent)

Energy wasted from buildings

Buildings consume over 60% of Thailand’s overall energy demand

Most of energy saving schemes are just posters
Lack of data, impossible to measure, paper-based energy report

Smart Cities need alternative ways to monetize and invest in their
infrastructure (e.g. IoT sensors, 5G, training, etc.)



Current building energy report data is still offline, and required digitization and
more engagement from its tenants to improve energy efficiency.
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With complexity of building operations and no feedbacks from tenants (as they
put sweaters on), buildings waste over 30% of their energy consumption.

Chiller Settings Operator choose these settings

No VSD
125 RT .
Settings
Cooling ; Settings Tab :
Tower Chiller
Front Panel Chilled Water Setpt (F)
Front Panel Current Limit Setpt (RLA)
* Differential to Start (F)
2 Differential to Stop (F)

Setpoint Source
CDW Supply e Feature Settings
Chilled Water Reset
Return Reset Ratio
Return Start Reset
Return Maximum Reset
Novsn Outdoor Reset Ratio

11 KW ?
4@_> ~T Outdoor Start Reset

Qutdoor Maximum Reset

No Pump
(Maintenance)

Mode Overrides

No VSD
75K Evap Water Pump
L_: Cond Water Pump

Expansion Valve Control

Slide Valve Control
Service Pumpdown




Bangkok Annual Buildings
Energy Consumption Facts CO2 emission = 1892 MMTCDE

Salal

152,278 24% 12,180

Million Baht Of total electricity consumption Million Baht
Bangkok’s total

electricity consumption
in Y2019

Consumed by public and Can be saved from 8%

private sectors buildings energy saving of buildings
annually



Typical Building (Current)

e Encourage energy saving by poster

e No feedback

e Don’t have measurable result
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1921 09.00-11.00 u.
1021 14.00-16.00 u.

Power Consumption (kW)

\\

Chamchuri 5 Building AC - Zone 2 - October 2019
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Chamchuri 5 Building  * e Temperature (0

Before 47,212.95 kWh
27.44 Ton CO2e
170 kWh/m"2

Source: https://sgrudata.qgithub.io

Digitized Building (Prefered)

e Tenants/employees participation

e Building operator utilize sensors and
loT data

e See changes with measurable result

B3 21A1597095 ¢ (Chamchuri 5 Building)

25,510.71 kWh Chamchuri 5 Building AC - Zone 4 - O(.:to_ber 2019

@ & Chamchuri 5 PV
067 kWh

?
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Outside Temperature (°C)

A W W
]

____________

Power Consumption (kW)

Chamchuri 5 Building

After with 10% Saving 42,491.66 kWh
24.7 Ton CO2e
153 kWh/m"2


https://sgrudata.github.io/?fbclid=IwAR2yB_BY8VDtJC7fpT_hoQILxkwEj6zo5fmNo_6V0AyI2_FYHwkyD3Vep7s
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How does it work?

Automatic location .
identified with Besccn
all AIS 4G 2 10:22 PM 7 100% E53)
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Other
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1. Employees give
feedback to their
building, check Org
leaderboard, and get
chance to win rewards

with AloT

without
1. 10T (98%) (2%)

-

2. Building operators use
feedbacks to optimize
building energy
consumption

[

Total score

bills saved

Electricity 83 Comfortability
indexes

10,000,000 THB Orgs: 1,345 { Sensors: 230

1,000,000 kWh People: 10,000 Open Data
cO2reduction: 23068
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3. City operators can keep
track of city important
indexes e.g. energy
consumption, city Happiness
indexes, PM2.5, CO2 emission



How does it work? Steps

50% of energy savings from organization will be use to install a CityFit “fitness tracker” for the city,
measuring factors that impact livability in the urban environment, such as climate, air quality, noise, and

ideo.
i Bangkok Smart City Open Data Portal
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Image Processing

In addition to the sensors onboard the nodes,

Air Quality Data

Air quality data is concerned with measuring
gas and particulate matter concentrations in the
air. Some of the observations have been

Environmental Data
There is a wide range of environmental data
points that are collected by the nodes. These

there are two cameras on each node. The
cameras are used exclusively by software that

observations are present in almost all nodes,

and they are considered stable. The thoroughly calibrated and are mostly stable, runs on a special board within the node, the

observations that are captured in this group while some others in this category are still under edge processor. The software use the image
active development. The observations that are data to make aggregate and statistical

include:



CityFit Open Data Portal

Bangkok Smart City Open Data Portal
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CityFit Open Data Portal Benefits

Climate (Ashish Sharma, Notre Dame)

How Array of Things is helping? L
* AoT data is helping bridge urban scale gaps

" Train simplistic
models related to
outdoor thermal
comfort, energy
consumption,
climate change
mitigation etc.

P —
pedton

Behavioral Sciences (Marc Berman, UChicago)

Using AoT camera data to quantify naturalness and disorder in the
environment

Berman et al, (2014) PLoS ONE

|, e

Environmental Sciences (Aaron Packman, Northwestern)

Linking real-time monitoring with model development for prediction of urban flooding

Local

Risk

ngomne®

e ——

Northwestern University

Transportation (Dan Work, Vanderbilt)

— e How will 1000s of buildings perform during
+ Mobility is changing in fundamental ways extreme Weather events in 20307
QA ey s b e  What retrofit strategies will address performance

« AoT instrument computer vision capabilities can evolve as quickly

as mobility technologies H
* AoT oﬁer:a chancge to see things at city scales, i.e., Issues?

understand generalizable results . . . .
+ G ol s s Miake b by e How can cities modify building codes and

experiments . . .

O s incentives programs to “shape” the city
o _ (building heights, green spaces, etc.) and to ensure
Social Sciences (Kate Cagney, UChicago) -
that all buildings are ready for more frequent

Innovation: AoT and Social Sciences
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https://github.com/kwarodom/altofrontend
https://developers.line.biz/en/
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Benefits and Impacts
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/A Team experience ﬁ folr Startups

INCEPTION PROGRAM

Alto Tech

Dr.Warodom Chantamas Sudarat Phannisa Tapakorn Weangchai
Khamphanchai Norrakittisanga Eaktanamanee Nirattiwongsakorn Loetchaipitak Kharamet

loT engineer, Developer

Energy Expert, Energy Expert UX/UI Designer, Urban planner .
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Electricity Distribution by Type of Electricity Rate
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No Measurement Purpose/Application Sensor(s) Used Price USD | Price Baht
1|Carbon Monoxide Air Quality/Health SPEC Sensors 3SP-CO-1000 20 623.92
2|Hydrogen Sulphide Air Quality/Health SPEC Sensors IAQ-100 20 623.92
3|Nitrogen Dioxide Air Quality/Health SPEC Sensors 3SP-NO2-20 20 623.92
4|0zone Air Quality/Health SPEC Sensors 3SP-03-20 20 623.92
5|Sulfur Dioxide Air Quality/Health SPEC Sensors 3SP-H2S-50 20 623.92
6 |Air Particles Air Quality/Health (PM 2.5 to {Alphasense OPC-N2 (included in ~20% of nodes) 450 14038.2
7|Temperature & Humidity |Weather Conditions Honeywell HIH6130, Measurement Specialties HTU21 20 623.92
8| Temperature & Barometrid Weather Conditions Bosch BMP180 20 623.92
9|Humidity Weather Conditions Honeywell HIH4030 20 623.92

10 Bosch Sensortec BMP180, Measurement Specialties

TSYS01, Melexis MLX90614, STMicroelectronics

LPS25H, Sensirion SHT25, Texas Instruments

Temperature Weather Conditions TMP112 & TMP421, U.S. Sensor PR103J2 20 623.92

11|Physical Shock/Vibration |Detect heavy vehicles, shock |Freescale Semiconductor MMA8452Q 2.95 92.0282
12 |Magnetic Field Detect heavy vehicle flow Honeywell HMC5883L 11.305 352.67078
13|Infrared Light Cloud cover, sunlight intensity AMS-TAOS USA TSL206RD 0
14|Light Cloud cover, sunlight intensity LAPIS Semiconductor ML8511, Melexis MLX75305 10.06 313.83176
15|Ultraviolet Intensity Cloud cover, sunlight intensity Silicon Labs Si1145 14.02 437.36792
16 |Visible Light Cloud cover, sunlight intensityy AMS-TAOS USA TSL250RD, Avago Technologies APDS-9006-020 0
17 |RMS Sound Level Sound intensity (loudness) |Knowles SPV1840LR5H-B 1 31.196
18|camera Street conditions, traffic flow, events | ELP-USB500W02M-L 170, ELP-USB500W02M-L 140 51 1590.996

Total

720.335

22471.57066

https://arrayofthings.qithub.io

PUBLIC LIGHT
INDICATION

AIR QUALITY
SENSORS



https://arrayofthings.github.io

Table 2. Energy savings from gamified solutions

Energy
Number of savings
Program participants (%) Units/type Notes
Cool Choices 220 ~4% kWh electricity
(Miron Construction) employees <1% Therms natural gas
Reduce the Use in 161 5 e Participants chose to
District 39 households i KWH eleatrigity participate
. 200 A4
Biggest Energy Saver households 11%
. 6% KWh during summer
San Diego Energy 42,400 29 KWh during winter
Challenge accounts
2.2% kWh peak demand
Kansas Take Charge 6 towns 5.5% KWh electricity This is just for the winning
Challenge town.
3 towns, ~100 14% KWh electricity Participatiqg househqlds
Energy Smackdown households 0 . were recruited by their
per town 17% Heating fuel town’s team.
i e bomiged =55 5% kWh electricity
icago Neighborhoo ~ -
Energy Challenge apartments 0% Thigrhis Btoral gas
45% Gallons water
SMECO Energy Savings 201 >39 * KWh electricity
Challenge customers
Energy Chickens 61 workers 13% kWh for plug loads
Power House 51 adults ~2% kWh electricity

* Figure for average is not provided, but 38% of participants saved at least 3% including the top 11 who saved 27%.

https://climateaccess.org/system/files/aceee.pdf



https://climateaccess.org/system/files/aceee.pdf

Summary Chiller Plaza Calculation  Building load:

Chiller capacity: 159.64RT/400RT = 39.91%

EER = 5.315
COP =1.559

AHU= kw/Ton

Pcdwp=37kW  Pcomp=267.91 kW

CDWP = 0.232 kw/Ton=====COMP = 1.678 kw/Ton CHWP = 0.276 kw/Ton

Electricity demand = 267.91 kw
System efficiency = 1.678 kW/Ton
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Electricity
costs saved
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Comfortability
index

Total score = 100
From % energy costs
saved from baseline

1.

Total index score = 1
Temperature & humidity
in comfortable range
(0.25)

Noise in comfortable
range (0.25)

Light in comfortable range
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Pollution in comfortable
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27| msviasimuvissuneing 5.0000 4.3204 4.3613 4.3613 /

28 MsAnTUvaIGR 1.6667 4.3528 4.5744 3.9596 /

29 u3¥n nav Tnsauuan e (uwau)* - - 3.4595 3.4595 /

30 |u3n asuv 0 (um2u) 1.0000 - 1.5417 1.4333 /

31 |msmguunolsanaing 4.5000 4.3204 3.1115 3.5705 /

32|dninvugainfiuuleisuna 5.0000 4.5204 4.5509 4.6256 /

33|avdnisadodud 2.1333 3.3684 1.0000 2.1689 r
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CityFit Open Data Portal Benefits

Multiscale Coupled Urban Systems

Transforming Urban Design and Optimization through Exascale Simulations

ECP

EXASCALE COMPUTING PROJECT

* Use Exascale platforms to simulate the coupled urban microclimate and buildings
system, evaluating city-scale energy performance in extreme weather events.

NYSE

National Nuclear Security Adminisiraton
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Advances in Climate Change Research, Vol. 5, Issue 2, 2014.
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AoT Computer Science Research Challenges.
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Umair Irfan, Eliza Barclay, and Kavya Sukumar,
Weather 2050, Vox.com, Nov. 26, 2018
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How Aray of Things is helping? ¥
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|9 - Asbish Sharma (Notre Dame)

How will 1000s of buildings perform during
extreme heat events in 20507?

What retrofit strategies will address
performance issues?

How can cities modify building codes and
incentives programs to “shape” the city
(building heights, green spaces, etc.) and to
ensure that all buildings are ready for more
frequent extreme weather events?

What effect will their energy demand place
on distribution grids?

Multiscale Coupled Urban Systems E\{\C\\)P

Transforming Urban Design and Optimization through Exascale Simulations

* Addresses basic research needs driving the urban
design / optimization (buildings, districts) and
understanding the feedback among building heat
emissions, energy use, and microclimate.

+ Modeling turbulence at high fidelity also provides
new scientific capability for other problems requiring
such resolution, such as

+ Wind and solar energy in urban settings.

+ Optimizing building form (vortex shedding, etc.) to
reduce structural loads -> embedded carbon (steel,
concrete).

« Current state of modeling building/district energy
performance uses regional weather data. We add:
+ Heat emissions from buildings.

* Turbulent flows at resolution commensurate with
building geometries and including differential
temperature at surfaces.
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Thermal Comfort Model
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